Thermodynamics and Seismic Proﬁle of the
Europan Hydrosphere through Pure-Water
Modeling and Saltwater Experiments

Background

Summary

In the search for life beyond Earth, we look to
Europa: an icy moon of Jupiter, which has a
predicted subsurface saltwater ocean.[1,2]

Experimental analysis of saltwater solutions:
increasing NaCl concentration and
pressure decreases the freezing point
temperature of the saltwater sample.

Figure 1. Interiors of icy moons.[2]
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Freezing Temperature
Experiments

Evidence for ocean from tidal interactions,
chaos terrain, and global decoupling.[1,3]
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Use computational and experimental
methods to investigate the thermodynamics
and seismic proﬁle of Europa’s hydrosphere.

Saltwater Temperature-Time Graphs

Saltwater Experiment Results

Computational analysis of an idealized
pure-water Europan ice shell: surface
temperature has the greatest inﬂuence on
the thermodynamic and seismic properties.
We perform this analysis in an eﬀort to
develop more accurate and precise
constraints on the ice shell’s properties.

Ice Shell Models (SeaFreeze)
Figure 5. (Rows A-B) Contour plots of (A) bulk sound speed and (B) density for pure-water
Ice Ih plotted as functions of temperature and pressure with an ice shell boundary pressure of
(left) 3.6 MPa and (right) 36.15 MPa. The bulk sound speed increases from a bright yellow to a
dark purple and the density increases from a light green to a dark blue.

Cool 20 mL NaCl-water samples of 5%, 10%,
and 20% salt concentrations by weight
within pressure range of 0 MPa and 70 MPa.
● Undercool sample below expected
freezing temperature.
● Temperature increases rapidly due to
latent heat release, then plateaus during
the phase change.
● Find the freezing point temperature as the
plateau value.
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Figure 3. Freezing curves for (top left) 5%
NaCl at 0.00 MPa ± 1.72 MPa, (top right) 5%
NaCl at 68.95 MPa ± 1.72 MPa, and (bottom
left) 20% NaCl at 0.00 MPa ± 1.72 MPa.
The freezing process begins with the latent
heat release (sharp increase), then plateaus
during the phase change, and ﬁnally cools
back down once the whole sample has
frozen.

Table 1. Saltwater experiment results. From left to right, the table
gives the by-weight percentage concentration of the NaCl sample, the
constant pressure used for each set of trials, the number of experiments
that successfully froze, the average freezing point temperature across
trials for each constant pressure setting, and the associated uncertainty
for the average freezing temperatures.

Final Saltwater Freezing Temperatures
Figure 4. The average freezing
point temperatures for each NaCl
sample as a function of pressure. As
the pressure increases within one
sample, the freezing point
temperature decreases at a constant
rate. These are the linear trends.

Slopes for trend lines:
5% NaCl: (-11.28 ± 0.34) MPa °C-1
10% NaCl: (-11.73 ± 0.53) MPa °C-1
20% NaCl: (-11.08 ± 1.01) MPa °C-1
As the concentration percent
increases, the freezing point
temperature decreases dramatically.
We obtain a freezing point
depression of over -20 °C compared
to pure water at 0 MPa at our most
extreme conditions.

Figure 2. Experiment apparatus: the freezing tank (white bracket) contains
the anti-freeze bath, in which the external temperature probe (cyan arrow)
is placed next to the stainless steel pressure vessel (orange arrow); the
vessel is connected to the pressure screw-pump system (red arrows).

Figure 5. (Rows C-D) Density for
pure Ice Ih as a function of depth
with pressure-temperature values
comparable to Europa’s ice shell.
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(C) Depth of 3 km with an
ice-ocean boundary pressure of
3.6 MPa and surface temperatures
of (left) 50 K and (right) 140 K.
(D) Depth of 30 km with an
ice-ocean boundary pressure of
36.15 MPa and surface
temperatures of (left) 50 K and
(right) 140 K.
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We expect bulk sound speed and
density to be similar by the speed
of sound’s dependence on both
bulk modulus and density.
We also computed the seismic wave
velocities using the same pressure and
temperature conditions for each case.

Ice Shell Models

Discussion

Future Work

Use SeaFreeze[4] to explore the equilibrium
thermodynamic and seismic properties of
pure water and ice.
Create models of Ice Ih under Europa-like
conditions.
Estimates from Soderlund et al. (2020):

MAIN RESULT: Increasing salt concentration and/or pressure
decreases the freezing point temperature.

Explore the thermodynamic and seismic properties of pure liquid-water and
saltwater under Europan subsurface ocean conditions via SeaFreeze.

In the models, surface temperature has the greatest eﬀect on density
and seismic wave velocities with respect to depth.

Continue the saltwater experiments for magnesium sulfate (MgSO4) and
potassium chloride (KCl) solutions at high pressures.

[2]

● Surface temperature: 50 K to 140 K.
● Ice shell thickness: 3 km to >30 km.[2]

● Pressure at ice-ocean boundary (due to
depth): 3.6 MPa to 36.15 MPa.

Adding NaCl to models would require lower temperatures at the
ice-water boundary (NOTE: models depict only the ideal case).
Results may help constrain Europa’s ice shell characteristics.
→ May eventually help interpret the remote sensing data to be
gathered by the Europa Clipper Mission in the late 2020s.[5]
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